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Introduction
The kidney cyst is defined as a space filled with fluid of non-uniform size, which arises in various locations as a result of widening and changing of the structure of renal tubules. The most common are simple kidney cysts that can appear in kidneys not affected with any defined disease, and their number often increases with age. They usually do not cause clinical symptoms and, therefore, are detected accidentally during an ultrasound examination. In 1964, Osathanondh et al. classified renal cysts into 4 categories. Type I was identified with autosomal recessive polycystic kidney disease (ARPKD), type II was described as polycystic renal dysplasia, type III referred to autosomal dominant polycystic kidney disease (ADPKD), while type IV included pathologies associated with impaired urine outflow and the presence of hydronephrosis. 1 Currently, the classification of diseases related to the presence of cysts in the kidneys is of an etiological basis and includes, apart from the family history, also the clinical picture, the location and morphology of the cysts as well as the presence of extrarenal symptoms. 2 Genetically caused cystic kidney diseases were systematized according to a new classification developed by Kim et al. 2 Of these, ADPKD is the most common. [3] [4] [5] [6] Diagnosis of ADPKD due to the typical symptoms, initially before confirmation by genetic testing, is based on family history and imaging. [6] [7] [8] For the diagnosis of ADPKD, the ultrasound criteria according to Ravine are currently used. 6 The ADPKD is the most common genetically determined cause of end-stage renal failure in adults. 3, 5, 9 The reason for the development of ADPKD in 80-85% of cases is the mutation of the PKD1 gene, which encodes the polycystine-1 protein, while in the remaining 15-20% of patients it is the PKD2 gene encoding polycystin-2. 10 Incorrectly encoded proteins that arise as a result of mutations lead to the growth and proliferation of kidney tubules cells with the formation of cysts, then to their enlargement and secretion and collection of fluid inside them. 11 In patients with ADPKD, hypertension occurs much earlier than in the general population and often in childhood, which leads to left ventricular hypertrophy, followed by diastolic and later on systolic heart dysfunction. 12, 15, 16 In about 30-50% of patients with ADPKD, hematuria may occur. In children proteinuria or albuminuria may be present as well. In the course of ADPKD, concomitant cysts in the liver and other organs could be present as well as intracerebral aneurysms, which carry the risk of subarachnoid hemorrhage. 13, 17 Fatty acid binding proteins (FABPs) are low molecular weight cytoplasmic proteins of 14-15 kDa. The physiological role of these proteins is to bind free long chain fatty acids and transfer them to intracellular sites of utilization or storage in the cytoplasmic reticulum and cytoplasm. 18, 19 We currently know 9 types of these proteins with their names derived from the organ or tissue in which they were identified for the first time. Liver fatty acid binding protein (L-FABP) was first detected in hepatocytes, but it is also synthesized in the small and large intestine, lungs and kidneys. [19] [20] [21] It binds fatty acids and transports them to mitochondria and peroxisomes, where they are metabolized by beta-oxidation and in that manner provide energy to the epithelial cells. 19, 21, 22 It has a high affinity to fatty acid peroxidation products, participating in the urinary excretion process, which makes L-FABP an endogenous antioxidant. 19 In recent years, attention has been paid to the prognostic value of L-FABP in kidney disease. Liver fatty acid binding proteins circulating in the blood are filtered in the glomeruli and then reabsorbed at the proximal renal tubules, which explains the increase in their concentration in the urine in the case of damage to the proximal tubules. 19, 22, 23 Interleukin 6 (IL-6) is one of the main factors regulating defense mechanisms of the body. Formerly, IL-6 was determined as factor 2 stimulating B lymphocytes, β2 interferon or the growth and differentiation factor of T cytotoxic lymphocytes. It is secreted primarily by macrophages and monocytes, but also by endothelial cells, fibroblasts, chondrocytes, and T and B lymphocytes. 24 The most important role of IL-6 is its participation in the immune response and inflammatory processes by stimulating the differentiation of B lymphocytes into plasma cells, production of acute phase proteins and activation of T lymphocytes. [24] [25] [26] Interleukin 6 also participates in hematopoiesis by stimulating hematopoietic stem cells and inducing differentiation of megakaryocytes into platelets. Interleukin 6 produced in excess leads to the development of chronic inflammatory reaction, conducive to the development of autoreactive immune response, leading to the destruction of tissues and organs. Elevated levels of IL-6 have been confirmed in multiple myeloma, chronic lymphocytic leukemia, Alzheimer's disease, systemic lupus erythematosus, rheumatoid arthritis, Castelman's disease, connective tissue diseases, as well as hypertension. [25] [26] [27] Chronic inflammatory process, mediated by IL-6 among others, contributes to the increase in blood pressure (BP). Interleukin 6 also affects the growth and development of hypertension by stimulating the sympathetic nervous system and controlling the expression of angiotensinogen, resulting in an increase in angiotensin II. In addition to the direct effect on BP, the increase in IL-6 concentration is associated with obesity, coronary heart disease and diabetes, the last of which also contributes to the development of hypertension and enhances the progression of chronic kidney disease (CKD). 28 Recently, new markers have been proposed for the diagnosis of early kidney damage in the course of cystic kidney disease. This could help to identify children whose disease progresses faster, with a higher risk of developing organ complications and end-stage renal failure in adolescence or young adulthood.
The hypothesis of our work is the statement that such markers may include the following: protein binding fatty acids of liver origin (L-FABP) and IL-6. The aim of the study was to assess the usefulness of determining protein-FABP and IL-6 concentrations in serum and urine in children with kidney cysts of various etiologies and their relationship to the underlying cystic kidney disease, the number of cysts found, gender, and hypertension.
Material and methods
The study group consisted of 39 children and adolescents (23 girls and 16 boys) between 1.9 and 20 years of age (mean age 10.9 ±5.0 years) with renal cysts. In all children, we confirmed the presence of cysts in the renal parenchyma on the basis of an ultrasound examination. After conducting family history and evaluation of ultrasounds according to Ravine's criteria, 7 we identified in the study group the following subgroups of children: with ADPKD (20 children -51%) and without diagnosis of this disease -non-ADPKD (19 children -49%). Analyzing the number of cysts found on the basis of ultrasound, we identified children with single cysts -less than 10 cysts (29 children -74%) and multiple cysts (10 children -26%) in the study group. Most of the children in the study group did not take any medications. Only 4 children with hypertension were successfully treated with antihypertensive drugs. In 15 children from the study group, we showed a positive family history of ADPKD. Body mass, height, BP measurement and routine biochemical tests were performed in the study group -assessment of sodium, potassium, creatinine, urea, and uric acid serum concentration. Blood pressure measurements were made using an oscillometric pressure device, with a cuff placed on the arm. The tests were performed 3 times, in the sitting position, after 5-10 min rest, according to the recommended standards, and the average value of the measurements was calculated. The size of the cuff of the oscillometric pressure device was appropriately matched to the circumference and length of the child's arm in accordance with the recommended measurement principles. Hypertension was diagnosed if the mean of measured systolic blood pressure (SBP) or diastolic blood pressure (DBP) was equal to or exceeding 95.cc for age, sex and height according to the Polish pediatric population. [29] [30] [31] Estimated glomerular filtration rate (eGFR) was calculated using the Schwartz formula [mL/min/1.73 m²]. 14 The control group included 20 healthy children (10 girls and 10 boys). These were ambulatory patients diagnosed due to bedwetting or qualified for "one-day" surgical procedures, who additionally agreed to participate in the study. All subjects were in good clinical condition and had no symptoms of acute infection.
We obtained the consent of the Bioethics Committee of the Silesian Medical University in Katowice, Poland (resolution No. KNW/0022/KB1/21/15). Prior to the examination, written consent was obtained for participation in the project from parents or legal guardians and from children over 16 years of age.
Laboratory tests
Blood samples (3-5 mL) for laboratory tests were collected in the morning (8.00-9.00 am) into Eppendorf tubes, during routine tests related to periodic outpatient supervision. After centrifugation at 1,000 × g for 15 min at 4°C, the serum was stored at −20°C until laboratory tests were performed. Urine samples (50-100 mL) were also collected in the morning and stored at −20°C until testing. The standard BioVendor kit (BioVendor, Brno, Czech Republic) was used to determine the concentration of L-FABP in serum and urine according to the manufacturer's protocol (sensitivity 0.08 ng/mL). The concentration of IL-6 in serum and urine was tested with enzyme-linked immunosorbent assay (ELISA) using a standard kit from Diaclone (Besançon, France) according to the manufacturer's protocol (sensitivity 0.81 pg/mL).
Statistical analysis
The Excel spreadsheet from Microsoft Office package v. 16 .0 (Microsoft Corp., Armonk, USA) was used to prepare the database. The calculations were performed using STATISTICA v. 12.0 software (StatSoft Inc., Tulsa, USA). In statistical calculations, the level of significance was p < 0.05. As parameters of descriptive statistics, the following were assumed: arithmetic mean, median, minimum and maximum value, lower and upper quartiles, and standard deviation (SD). For all parameters, their distribution was checked for compatibility with the normal distribution using the Shapiro-Wilk test. We tested the homogeneity of variance using Levene's test. For comparison of variables with a normal distribution, parametric tests with a separate variance assessment were used. For comparative analysis of variables with distribution deviated from the normal distribution, nonparametric Mann-Whitney U test was used. We performed the correlation analysis using the Pearson's test or Spearman's rank correlation test -according to the distribution of the variables studied. Table 1 presents the characteristics of the entire study group of children with renal cysts and the derived subgroups (ADPKD and non-ADPKD, number of cysts and gender) and the control group. The average age of children and anthropometric parameters did not differ in comparison with the group with renal cysts and control group. We showed significantly higher values of SBP, DBP and mean arterial pressure (MAP), as well as SBP and DBP SDS in a subgroup of children with multiple cysts compared to subgroups of subjects with single cysts. The results of laboratory tests in the study group and in separate subgroups are presented in Table 2 .
Results
The mean values of basic laboratory tests in the group of ADPKD and non-ADPKD children as well as single and multiple cysts did not differ significantly. The mean value of eGFR in the study group was 119.8 ±32.7 mL/min/1.73 m 2 ; in 5 children in the group with cystic kidney disease the value of eGFR was reduced. Moreover, in 4 children in the study group, we diagnosed hypertension (all of them belonged to the ADPKD subgroup).
The concentrations of the tested markers (L-FABP, IL-6) in serum and urine in children from the study and control groups are presented in Table 3 . The concentration of L-FABP and IL-6 in serum and urine was significantly higher in children with cystic kidney disease compared to the healthy children. In contrast, serum and urinary Data is presented as: mean ± standard deviation (SD) (minimum-maximum); a p < 0.05 children with single cysts vs children with multiple cysts; BW SDS -SDS body weight, BMI -body mass index; SBP -systolic blood pressure, DBP -diastolic blood pressure, MAP -mean arterial pressure; ADPKD -autosomal dominant polycystic kidney disease. concentrations of L-FABP and IL-6 in individual subgroups of children with renal cysts were comparable. When analyzing the correlation of L-FABP and IL-6 concentrations in both serum and urine, and anthropometric measurements, we did not show any significant relationships in the whole group of children with renal cysts.
We showed a significant negative correlation between serum L-FABP concentration and SDS for DBP in the whole study group (Table 4 ). In children with cystic kidney disease, we observed a significant negative correlation between IL-6 serum concentration and absolute values and SDS for SBP, DBP and MAP. There was also a significant negative correlation between urinary IL-6 concentration and SDS for SBP and DBP. In addition, a significant positive correlation was found between urinary IL-6 concentration and eGFR. Similar correlations were observed in the study group by analyzing the correlation of IL-6 with body mass index (BMI) (data not shown). However, in the whole group with cystic renal changes, we found a negative correlation between L-FABP/BMI ratio and SBP (r = −0.460, p < 0.01), DBP (r = −0.378, p < 0.05), MAP (r = −437, p < 0.01), SDS for SBP (r = −0.373, p < 0.05), and eGFR (r = −0.398, p < 0.05), and positive correlation between L-FABP/BMI ratio and serum urea concentration (r = 0.343, p < 0.05). We also analyzed correlations occurring in subgroups, divided into ADPKD and non-ADPKD (Table 5 ). We have demonstrated in children with ADPKD a positive correlation between serum L-FABP concentration and serum creatinine concentration and serum uric acid concentration. In addition, in children with ADPKD, we found a positive correlation between the excretion of L-FABP in the urine and the concentration of serum uric acid. In children from the non-ADPKD subgroup, we found a negative correlation between serum L-FABP concentration, SDS for BMI and SDS for DBP and DBP absolute values. In the whole study group with renal cysts, we found a negative correlation between L-FABP/BMI ratio and SBP (r = −0.460, p < 0.005), DBP (r = −0.378, p < 0.02), MAP (r = −0.437, p < 0.005), SDS for SBP (r = −0.377, p < 0.02), and eGFR (r = −0.398, p < 0.02), and a positive correlation between L-FABP/BMI ratio and serum urea (r = 0.343, p < 0.05). However, after normalizing the concentration of L-FABP in urine to the concentration of creatinine, we did not observe the above relationships.
When analyzing the correlation of serum and urine IL-6 concentrations with the results of anthropometric measurements and the IL-6/BMI ratio with BP values, we demonstrated a similar relationship in ADPKD children as in the whole study group, and a significant positive Data is presented as: mean ± standard deviation (SD) (minimum-maximum); p *, p < 0.05 the whole group of children with kidney cystic disease vs control group; L-FABP -liver fatty acid binding protein; IL-6 -interleukin 6; S -serum; U -urine; ADPKD -autosomal dominant polycystic kidney disease; BMI -body mass index. correlation between serum IL-6 concentration and serum potassium concentration. Also in children with ADPKD, we found a negative correlation between urinary IL-6 excretion and SDS for SBP and SDS for DBP and DBP absolute values. In the subgroup with non-ADPKD, we observed only a negative correlation between serum IL-6 concentration and SBP values and SDS for SBP. In the subgroup of children with single cysts, we observed a significant negative correlation between IL-6 serum concentration and SBP (r = −0.404, p < 0.05), MAP (r = −0.368, p < 0.05), and SDS for SBP and SDS for DBP (r = −0.633, p < 0.0001, r = −0.381, p < 0.05, respectively). Also, in children with single cysts, we showed a negative correlation between urinary IL-6 excretion and SDS for SBP and SDS for DBP (r = −0.528, p < 0.01, r = −0.523, p < 0.01), and a positive correlation between IL-6 excretion in the urine and eGFR (r = 0.451, p < 0.05). Similar correlations were observed by analyzing the correlation between IL-6 and BMI (data not shown). However, we observed a significant positive correlation between IL-6/creatinine ratio and the age of the examined children (r = 0.388, p < 0.05), height (r = 0.391, p < 0.05) and body weight (r = 0.387, p < 0.05). In a subgroup with multiple cysts, we observed a significant negative correlation between L-FABP/BMI ratio and SDS for SBP (r = −0.769, p < 0.01). However, we did not observe similar correlations in the subgroup of children with single cysts. In the subgroup of children with multiple cysts, we observed a negative correlation between serum IL-6 concentration and MAP (r = −0.642, p < 0.05). We also recorded a significant negative correlation between IL-6 and BMI and SBP (r = −0.873, p < 0.01), MAP (r = −0.758, p < 0.05), and serum creatinine (r = −0.708, p < 0.05).
Discussion
Numerous clinical studies have confirmed the increased urinary excretion of L-FABP in kidney diseases in both children and adults. Many studies indicate the usefulness of the L-FABP assay as a biomarker for kidney disease, and L-FABP has also been shown to be able to relieve the occurrence of kidney damage. 19, 22, 32 Oxidative stress and damage to the proximal renal tubules due to ischemia lead to increased urinary excretion of L-FABP, as shown by Małyszko et al. 21 This was also confirmed by a metaanalysis carried out by Susantitaphong et al., which concluded that L-FABP provides adequate data to diagnose AKI and predict the necessity of renal replacement therapy and acute mortality. 23 Khatir et al. evaluated the concentration of L-FABP in the group of adult patients with CKD stage 3-4, from which, however, patients with polycystic kidney disease were excluded. These authors showed that elevated L-FABP Table 5 . Evaluation of the correlation between the tested markers and biochemical parameters and blood pressure values Parameter r = 0.147 p = 0.548 r = −0.331 p = 0.154 r = 0.376 p = 0.112 r = 0.124 p = 0.602 r = −0.020 p = 0.934 r = −0.041 p = 0.865 r = −0.243 p = 0.315 K [mmol/L] r = −0.100 p = 0.676 r = 0.431 p = 0.065 r = −0.004 p = 0.986 r = 0.435 p = 0.063 r = 0.457 p < 0.05 r = 0.025 p = 0.920 r = 0.078 p = 0.744 r = 0.024 p = 0.923 eGFR [mL/min/1.73 m²] r = −0.060 p = 0.802 r = 0.047 p = 0.846 r = −0.284 p = 0.224 r = −0.177 p = 0.469 r = 0.174 p = 0.463 r = 0.240 p = 0.321 r = 0.404 p = 0.077 r = 0.398 p = 0.091 SBP -systolic blood pressure; DBP -diastolic blood pressure; MAP -mean arterial pressure; L-FABP -liver fatty acid binding protein; IL-6 -interleukin 6; S -serum; U -urine; eGFR -estimated glomerular filtration rate; ADPKD -autosomal dominant polycystic kidney disease. concentration in the urine correlates with the loss of renal function only in the absence of significant albuminuria. 33 Matsui et al. followed 244 adult CKD patients for 3 years and confirmed that elevated urinary L-FABP concentration was associated with progression to ESRD and the incidence of severe cardiovascular events in these patients. 34 In literature, no one before conducted research on the evaluation of L-FABP in a selected group of children with cystic kidney disease, nor did anyone make comparisons between groups of children with single and multiple renal cysts.
In our study, we showed a higher L-FABP concentration both in serum and in urine in children with cystic kidney disease, regardless of the underlying cysts etiology, which may indicate early damage of the proximal tubules even before the occurrence of renal impairment. McMahon et al. reviewed the usefulness of biomarkers in the diagnosis of kidney disease and indicated that increased urinary L-FABP excretion in patients with CKD correlated with the severity of proteinuria. 22 When analyzing the correlation of serum and urine L-FABP concentrations by subgroup division, we showed a positive correlation between serum L-FABP concentration and serum creatinine and uric acid concentration in ADPKD children, which may indicate that L-FABP may be an early marker of CKD development.
Ichikawa et al. performed a study on experimental animals of the RAS-activated mouse model to evaluate the renoprotective effect of renal hL-FABP (human L-FABP). This study suggested that the increased expression of renal hL-FABP, known an antioxidant, together with the suppression of angiotensin II type 1 receptor appearance, blocked the production of pro-inflammatory cytokines and diminished the tubulointerstitial damage. 35 In our previous work in the same group of children with renal cysts, we also demonstrated the activation of intrarenal RAAS. 36 Ichikawa et al. concluded that agents that amplify the expression of renal L-FABP in the proximal tubules might be useful as therapeutic agents in future. 37 In our study, a group of children with cystic kidney disease showed a significant negative correlation between serum L-FABP concentration and SDS for DBP. The above results may indicate the beneficial effect of L-FABP and the contribution of this antioxidant in inhibiting the development of hypertension in children with renal cystic changes. The pilot studies conducted by us also indicate the need for further research in a larger group of children with kidney cysts.
Many clinical trials in adults and children have confirmed the association of elevated IL-6 levels with kidney disease, especially CKD progression. It is believed that the cause of this phenomenon is chronic inflammation in the kidney parenchyma, which is a common feature, characteristic for kidney damage due to various reasons. Determination of serum IL-6 concentration may be useful in predicting the risk of end-stage renal disease. 38 Nakamura et al., similarly to our results, found elevated IL-6 concentration in ADPKD adults, where the mean age of the study group was 57 years. In addition, these authors confirmed that IL-6 levels decreased as a result of the renoprotective treatment with angiotensin converting enzyme inhibitor and/or angiotensin receptor blockade. 39 In our study, we found in children with cystic renal changes significantly higher IL-6 concentration in serum and urine, both in subgroups with ADPKD and non-ADPKD as well as with the division due to the number of cysts and gender, in comparison with healthy children, with no difference between individual subgroups. In addition, we have demonstrated a significant positive correlation between urinary IL-6 concentration and eGFR, which indicates IL-6 contribution in the deterioration of renal function. Menon et al. also showed increased levels of IL-6 in the serum of adolescents and adult patients with ADPKD. In this study, they divided the group of patients into 3 subgroups: ADPKD with normal BP and normal eGFR, ADPKD with hypertension but with normal eGFR and ADPKD with hypertension and reduced eGFR. The highest IL-6 concentrations occurred in the subgroup with ADPKD with hypertension and depressed eGFR. 40 In contrast, Soleimani et al. showed higher levels of L-FABP in urine in patients with ADPKD, but not in serum, compared to the healthy group, which would suggest only the local presence of inflammation in the renal parenchyma. 41 Ma et al. confirmed the association of 572C> GG IL-6 polymorphism with the development of hypertension in the Asian population. 28 However, in our study, we showed a significant negative correlation between the serum IL-6 concentration and absolute values and SDS for SBP and DBP, and the value of MAP. There was also a significant negative correlation between urinary IL-6 concentration and SDS for SBP and DBP. Perhaps this is due to the other polymorphisms of the IL-6 gene in the Polish population. Also, the mechanism of activation via binding of IL-6 to its membrane-bound receptor IL-6R, which is named classic signaling (anti-inflammatory action) or binding via the trans-signaling with pro-inflammatory features, could play a role. 17 These results indicate the need for further studies on a larger group of children with renal cysts to more accurately assess the role of this cytokine in the course of cystic changes in children and its contribution to the pathogenesis of hypertension.
In summary, we can conclude that higher concentrations of L-FABP and IL-6 in both serum and urine in children with various types of kidney cysts indicate the development of chronic inflammatory processes and damage to the renal parenchyma even before the occurrence of other organ damage and hypertension. The L-FABP concentration seems to be a good biomarker for an increased risk of hypertension and kidney damage. A negative correlation of serum IL-6 concentration with BP values requires further studies on a larger number of patients with renal cysts, with the determination of the type of IL-6 gene polymorphism. Both L-FABP and IL-6 appear to be useful biomarkers of CKD.
